Aims: To investigate the presence of liver lesions and their relation with vinyl chloride monomer (VCM) exposure or other personal risk factors, in workers involved in the production of VCM and polyvinyl chloride (PVC). Methods: A liver ultrasonography examination was conducted in 757 workers, some of whom had long standing service in the production of VCM and PVC. The study involved: assessment of individual past and present VCM exposure of each worker; collection of past personal health history, lifestyle and personal data; routine liver function tests; and liver ultrasonography. Results: No cases of liver malignancies were detected. Angiomas and liver cysts were found with a frequency of occurrence within the expected range of the general population. The main findings consisted of hepatomegaly (34.7%), steatosis (31.8%), and periportal fibrosis (16.0%). A logistic regression analysis indicated that hepatomegaly and steatosis were associated with obesity and lipid metabolism disturbances and not with VCM exposure. Periportal fibrosis, in addition to constitutional or dietary factors, was shown to be associated with VCM exposure, but only when maximum exposure in the subject's history had been at least 200 ppm as a yearly average; no effects were observed at 50 ppm or below. Conclusions: Workers exposed to 200 ppm VCM for at least one year have a fourfold increased risk of developing periportal liver fibrosis. Liver ultrasonography is a suitable and important diagnostic test for the medical surveillance of vinyl chloride workers.
T he production of vinyl chloride monomer (VCM) and polyvinyl chloride (PVC) started in Italy in the 1950s and 1960s in six chemical plants, four of which were still in operation in the year 2000. Mortality studies conducted on workers employed in these plants, indicated an increased incidence of liver angiosarcoma, while the presence of other liver lesions and other types of cancer was unclear. [1] [2] [3] [4] After the recognition of the carcinogenicity of VCM in the early 1970s, measures were adopted in the plants to decrease VCM exposure and monitor the occupational exposure levels of the workers. From levels of air concentrations of hundreds of ppm, common in the 1960s and 1970s, the VCM concentrations in the manufacturing plants were reduced to a few ppm in the 1980s and, more recently, to values below 1 ppm.
The workforce currently employed in VCM/PVC production includes workers with a long standing service in these plants; some of these workers worked in the plants when high levels of VCM exposure were common. Although all VCM and PVC production workers in Italy are medically examined with a battery of liver tests twice a year, this medical surveillance has a limited diagnostic power for the identification of focal or diffuse lesions of the liver. Thus a liver ultrasonography examination was carried out to detect the presence of hidden liver lesions and to investigate their relation with VCM exposure or other personal risk factors.
This paper describes and analyses the results of this study.
SUBJECTS AND METHODS
Design of the study Four VCM/PVC plants, respectively located in Porto Marghera, Ravenna, Brindisi, and Porto Torres and all belonging to the same company (European Vinyls Corporation Italia SpA (EVC Italia)), were in operation in Italy in 1998 with a total workforce of about 760 workers. In agreement with the national and local trade unions, the management of the company promoted the execution of the ultrasonography study in 1998. The study was planned in 1997 and carried out in 1998. After information was given about the study purpose and programme, each worker was asked to participate and sign an informed consent. In total, 757 workers agreed to participate.
The programme of the study included the following:
(1) Inventory of the work history of each worker and assessment of individual past and present VCM exposure. (2) Collection of past personal health history, lifestyle and personal data, and execution of routine liver laboratory tests. (3) Liver ultrasonography.
Inventory of the work history of each worker and assessment of individual past and present VCM exposure This activity was carried out together with the industrial hygiene and personnel units of EVC Italia. After reconstructing the individual work history of each worker, VCM exposure levels before 1983 were attributed to each subject on the basis of his/her job and plant, using the estimated values assigned to the various jobs by an epidemiological survey coordinated by the National Institute of Health of Italy on the workers exposed until 1985. 2 For the period 1983-98, VCM exposure levels were obtained from the measurements provided by the fixed environmental monitoring systems operating in the plants since the early 1980s. These systems provide a measurement of the VCM concentration throughout the 24 hours in the different parts of the plants where the sampling probes are located. The measurements are carried out every maximum 20 minutes with an air sampling time of two minutes, thus allowing the calculation of daily, weekly, monthly, and yearly averages for each measurement location and area. Levels are then attributed to the jobs based on their time weighted presence in the different areas of the plant.
The above method permitted determination of the yearly average VCM exposure of each worker for each year of his/her service. For the purpose of this study, the following exposure indices were taken into consideration:
• The maximum yearly average VCM concentration value to which the subject was ever exposed in his past work history.
• The cumulative VCM exposure (ppm*years), calculated as the sum of the VCM concentration values of all the individual years.
Collection of past personal health history, lifestyle and personal data, and execution of routine laboratory tests The medical doctors of each plant made available the personal health history of each worker as documented in his/ her personal medical record. Special attention was paid to the past occurrence of viral hepatitis or other liver diseases.
Personal lifestyle included alcoholic beverage consumption and smoking habits. Plant doctors collected the data by interview. Daily alcohol intake was classified as: no alcohol intake; less than 40 g per day; or 40 to 80 g per day. Smoking groups were defined as non-smokers; ex-smokers; less than 10 cigarettes per day; 10 to 20 cigarettes per day; or more than 20 cigarettes per day.
Height and weight data measured in 1998 were used to calculate the body mass index (BMI) according to the formula:
]. Concomitantly to the ultrasonography examination, the following routine tests were performed: red and white blood cell count, haematocrit, haemoglobin concentration, erythrocyte volume, blood glucose level, serum aspartate aminotransferase (AST), serum alanine aminotransferase (ALT), serum γ-glutamyl transferase (GGT), serum alkaline phosphatase (AP), serum total and conjugated bilirubin, plasma protein electrophoretic pattern, serum cholesterol, and serum triglycerides.
Liver ultrasonography
The ultrasonography examination was carried out by a different examiner in each of the four plants. In order to ensure comparability of results, a common standard operating procedure for the conduct of the test and a common format of data reporting was defined with the examiners before the start of the survey.
The list of parameters to be systematically evaluated included: liver diameter, liver margin, liver ultrasonographic structure (diffuse hypo-or hyper-reflective echos; hypo-or hyper-reflective focal lesions), portal vein diameter and wall thickness and reflectivity, liver veins, hilum lymphonodes, spleen diameter and ultrasonographic structure, splenic vein, collateral vessels, bile ducts, gallbladder wall, and stones. In addition, the examiners were asked to report on any other findings of interest even if unrelated to the main purpose of this study.
Portal vein wall thickness was measured and graded according to the method recommended by the World Health Organisation to diagnose schistosomiasis related periportal fibrosis. 5 6 Hepatomegaly was assessed in accordance with liver diameters reported by Niederau and colleagues. 7 Longitudinal scans of the liver were obtained in the midclavicular line and midline, measuring the longitudinal diameter. Since in the midclavicular line the upper portion of the liver may be partly masked by the air inside the lung, the margin between the lung and liver was used as the upper limit of the longitudinal diameter. In the midline, the upper margin of the liver under the dome of the diaphragm served as the upper limit of the longitudinal diameter.
Measurements were made during deep inspiration in order to minimise masking by the lung and eliminate morphological variations caused by respiration. The following mean organ diameters were used as reference values:
• Midclavicular longitudinal diameter of the liver: 10.5 ± 1.5 cm.
• Midline longitudinal diameter of the liver: 8.3 ± 1.7 cm.
Measurements exceeding these diameters were labelled as hepatomegaly. 
Statistical analysis of data
To test the significance of various factors, including VCM exposure, as possible determinants of the liver ultrasonography findings, first order logistic regression analyses were carried out. Values of routine laboratory tests were log transformed to obtain a quasi-normal distribution before entering them in the model. VCM exposure variable was considered to be a five level variable and was entered in logistic regression as four binary variables coding for levels 2 to 5. Therefore the odds ratio obtained refers to the unexposed odds value. Alcohol intake was considered to be a three level variable and was also entered in logistic regression as two binary variables coding for levels 2 and 3. The presence of hepatitis B or C in the personal history was coded as 0 = absent and 1 = present. Statistical analysis was performed using SPSS 10.0 for Windows.
RESULTS
A total of 757 workers (735 males and 22 females) participated in the study. Table 1 shows the general features of the workers, and their daily consumption of alcohol and smoking status. There were differences in alcohol consumption and smoking habits among factories; this finding would point to possible differences in lifestyle, but it might also be the result of systematic differences in the way the doctors collected this information in the different plants. Table 2 shows the current job at the time of the study and the indices of VCM exposure, both as cumulative VCM exposure (ppm*years) and maximum yearly average level of VCM exposure in the work history. The most numerous group of workers was represented by workers directly operating on the production plant (n = 497), followed by laboratory workers (n = 100) and maintenance workers (n = 88). Considering the workers with cumulative exposure greater than 100 ppm*years or those with maximum level in the history of 200 and 500 ppm, the largest group consisted of personnel directly operating on the plant, while the percentages of laboratory workers, maintenance workers, and technicians were very low. It has to be noted that yearly VCM exposure levels of 200 and 500 ppm were last observed in 1975 and were no longer present after that year. Table 3 shows the frequency of occurrence of some diseases in the personal history of the workers. Viral hepatitis was present in the health history of 54 workers and was represented by hepatitis B or C in 32 cases and by hepatitis A in 18 cases. The hepatitis A cases were almost all located in the Brindisi plant.
Ultrasonographic examination of the abdomen led to identification of a number of abnormal findings that were unrelated to the scope of the study, including renal cysts, renal benign tumours, urinary tract lithiasis, uterus miomas, etc. Only the results relevant to the liver will be presented.
With regard to focal lesions of the liver, no cases of liver cancer were found. Twenty three cases of single or multiple angiomas (3.0%) and 36 cases of liver cysts (4.7%) were detected.
With regard to diffuse lesions of the liver, abnormalities were present in a large number of workers. The main findings consisted of hepatomegaly (34.7%), hyperreflectivity of the liver parenchyma indicative of steatosis (31.8%), and increased thickness and reflectivity of the portal vein wall, indicative of periportal fibrosis (16.0%). These changes presented singly or associated in the same subject: 25 subjects (3.3%) showed all three abnormalities together, 19 subjects (2.5%) showed hepatomegaly with periportal fibrosis, and 14 subjects (1.8%) steatosis with periportal fibrosis. The combination hepatomegaly and steatosis was the most frequent (143 subjects, 18.9%).
Other ultrasonography findings were at a lower frequency: thickening of the gallbladder wall 7.0%, gallbladder stones 3.6%, splenomegaly 6.2%, and hilum lymphonodes 1.5%.
In order to examine the risk factors associated with the diffuse lesions of the liver, the distributions of hepatomegaly, steatosis, and periportal fibrosis were singly assessed in relation to age, alcohol consumption, body mass index, history of hepatitis, blood laboratory tests, and past VCM exposure. Age as well as alcohol consumption, body mass index, and several blood tests did show an association with the occurrence of liver lesions. With regard to VCM exposure, the only finding that showed a trend towards an increase in accordance with past exposure level was represented by periportal fibrosis.
In order to examine the nature of the association between all these factors and the liver lesions, first order logistic regression analyses were carried out by considering hepatomegaly, steatosis, or periportal liver fibrosis as dependent variables and by entering as independent variables in Hepatomegaly was found to be significantly associated with serum triglycerides, alcohol consumption, and BMI. VCM exposure (either as maximum yearly level in the history or as cumulative exposure) was not significantly related to hepatomegaly (p = 0.5-0.6). The regression model was highly significant (p < 0.001) with 18.5% of the total variance explained (output not shown).
Steatosis was found to be significantly associated with ALT, serum triglycerides, BMI, and, to a lesser extent, age. VCM exposure (either as maximum yearly level in the history or as cumulative exposure) was not significantly related to steatosis (p value = 0.2-0.9). The regression model was highly significant (p < 0.001) with 34.8% of the total variance explained (output not shown).
Periportal fibrosis was found to be highly associated with GGT and maximum level of VCM in the history at the level of 200 ppm. Past exposure at 500 ppm was at the border of significance (p = 0.064, odds ratio (OR) 2.472), while lower exposure levels were not statistically related to the occurrence of periportal fibrosis. The regression model was highly significant (p < 0.001) with 10.3% of the total variance explained (output shown in table 4). It is interesting to note that the history of hepatitis B or C was not associated with the finding of periportal fibrosis.
The same analysis using cumulative VCM exposure instead of maximum level in the history, provided a similar pattern though with a weaker evidence of association only for cumulative exposure of 100-1000 ppm*years (OR 2.243 versus nonexposed; p = 0.075) and cumulative exposure above 1000 ppm*years (OR 2.486 versus non-exposed; p = 0.059) (output not shown).
Signs indicative of periportal fibrosis were present in 11 subjects (10 males and one female) without any exposure to VCM (10% prevalence). Five of these subjects also had hepatomegaly and steatosis, associated with diabetes and obesity in one case; splenomegaly in one case; high alcohol intake, increased ALT, and history of hepatitis B in one case; increased ALT and AST in one case; and increased serum cholesterol in one case. Of the remaining six cases, one had splenomegaly, one a history of hepatitis B, one was obese, and no apparent abnormal findings were present in three cases.
A further first order logistic regression analysis was carried out by considering GGT, ALT, and serum triglycerides as dependent variables and VCM exposure, age, BMI, and alcohol The model included as independent variables in the order: classes of maximum level of VCM exposure in the work history, age, classes of alcohol consumption, body mass index (BMI), serum triglycerides, serum GGT, and serum GPT, presence of hepatitis B/C. *Log 10 of laboratory results normalised to the upper limit of the normal range.
consumption as independent variables. The results showed no association between maximum VCM exposure and the dependent variables, which instead were significantly associated with age (GGT and ALT), BMI (all), and alcohol intake (all) (output not shown).
DISCUSSION
Extensive liver ultrasonography studies on vinyl chloride workers are not present in the literature; this survey is the first study where several hundreds of subjects having a wide range of VCM past exposure levels were systematically investigated and compared with non-exposed subjects. The only other study known is available as an abstract, 8 and its findings are difficult to evaluate in detail.
This study did not find malignant tumours in any of the investigated subjects. The observed frequency of benign focal lesions (angiomas in 3% of cases and dysplasic liver cysts in 4.7% of cases) was within the expected range of the general population, 9 and did not show any association with VCM exposure.
Hepatomegaly and steatosis were observed with a relatively high frequency. The analysis of causative factors indicated that these abnormalities were related to obesity and congenital or dietary lipid metabolism disturbances. VCM exposure was not shown to play any role in the genesis of these lesions.
Periportal fibrosis showed a strong association with GGT increase, an indicator of alcohol intake also sensitive to obesity and lipid metabolism disturbances, and with past VCM exposure, when maximum yearly exposure in the subject's history had been at least 200 ppm. Exposure at 500 ppm was at the border of significance, while no effects were observed when exposure was at 50 ppm or lower values.
The risk of periportal fibrosis development in the workers with maximum VCM exposure equal to 200 ppm was found to be about fourfold higher than in the non-exposed workers. The relative potency of past VCM exposure to 200 ppm in inducing such an effect was of the same order of magnitude as the GGT associated metabolic factors.
The nature and health significance of the ultrasonography liver findings detected in these subjects is difficult to assess. Occupational exposure to high VCM concentrations has been associated with an increased risk of liver angiosarcoma. 4 10-22 Several epidemiological studies have also pointed to the possible increase of other types of cancer in VCM workers, 1 23-26 but the evidence that these other cancers are indeed caused by VCM in man is still controversial. 4 11 12 17 27 In addition to cancer, high VCM exposure can induce liver fibrosis, as this lesion has been very often histologically observed in the liver of subjects with angiosarcoma and frequently also in liver biopsy specimens of subjects with exposure above 200 ppm VCM in the absence of any cancer. 21 28-35 VCM induced liver fibrosis is histologically distinguishable from liver cirrhosis because it is mostly confined to the portal spaces and not accompanied by a massive destruction of the lobular structure of the liver as it is typically observed in cirrhosis. Histological pictures of cirrhosis have been described in VCM exposed subjects only rarely, and generally in association with other causes of disease (mainly viral hepatitis). 21 36 The results of the present study, obtained with a non-invasive diagnostic technique, seem to confirm these observations, but should be interpreted with caution.
The gold standard method to diagnose periportal fibrosis is the histopathological examination. There is a limited experience in the detection of periportal fibrosis by extensive use of ultrasonography and it relates mainly to investigations of schistosomiasis mansoni patients. Periportal fibrosis is a major complication of schistosomiasis as the granuloma cell populations produce fibroblast stimulation factors, fibroblast growth factors, and other substances which stimulate fibrinogenesis with subsequent collagen deposition in the portal tract. 37 The
World Health Organisation 5 established two methods for diagnosis of schistosomiasis related periportal fibrosis by the use of ultrasonography: a descriptive method which takes into account the liver texture as a whole, 38 39 and a quantitative method involving the measurements of the thickness of the walls of branches of the portal vein. 6 Abdel-Wahab et al 40 reported the sensitivity and specificity of ultrasound in diagnosing schistosomal periportal fibrosis to be 97% and 95%, respectively, when compared with histopathology. The sonographic appearance of non-cirrhotic portal fibrosis was evaluated in a case-control study. The ultrasonographic finding seen in all cases was the presence of hyperechoic bands sorrounding the dilated portal vein and its branches. Microscopic examination of the liver biopsy specimens showed a relatively well preserved lobular architecture. The dominant histological abnormality was a prominent fibrous thickening around the portal vein and its branches. 41 A case study reported the presence of well demarcated bands of increased echogenicity surrounding the portal tracts. Subsequent postmortem examination revealed several large and medium sized portal tracts in both liver lobes with an increased fibrous connective tissue. The authors concluded that the sonographic images were very similar to those described as being specific for schistosomiasis mansoni periportal fibrosis. 42 It seems plausible to suggest that the portal vein wall thickening observed in our VCM workers can be most likely attributed to periportal fibrosis, although a definitive confirmation of this diagnosis would require histopathological examination.
The increased frequency of periportal fibrosis observed in the workers exposed at or above 200 ppm probably represents the expression of a toxic effect directly induced by VCM in some of the exposed subjects. The fact that the maximum yearly VCM exposure level in the past history proved to be a better predictor of periportal fibrosis than the cumulative VCM exposure index, suggests that a minimum intensity of exposure is necessary for this action by VCM (200 ppm for one year), and such a toxicological threshold cannot be reached even by a prolonged exposure at lower level.
The presence of ultrasonographic signs of periportal fibrosis in 11 subjects never exposed to VCM seems to indicate that these lesions are not specific to toxic exposures. Some of these subjects had other metabolic disorders or associated findings that could explain the presence of fibrosis. However three subjects did not have any associated condition and their findings deserve further confirmatory investigations.
This survey was initiated to address the health concern for the workers that in the past may have had high exposure to VCM and to assess the possibility of improving the diagnostic efficacy of the routine medical surveillance of the workers. Liver ultrasonography, carried out with a standardised protocol, proved to be a sensitive diagnostic technique, able to reveal morphological changes of liver structure previously unknown in these subjects. In consideration of its diagnostic value, this test can be conveniently adopted for the medical surveillance of VCM workers and will be used for a follow up of the findings of this survey.
